P EE#PAH S AREAT ISSN 1000-0933
o EFSE AT CN 11-2031/Q

FSFEM

h EE =P L FHEEHEAT
Acta Ecologica Sinica

o E 60 FH R N9 EATI
ERHTIR

2010

PEESFFS 5
o E Rl B A SRR A 5T Aol
v A N tH AR



EFEER
(SHENGTAI XUEBAO)

R S A %30 %5 5 22 Hf 200011 A (¥ABT)

B X

B AT AL BB SR AT GG R v veereereeeeeee e e e T, B W FEE, £ (6009)
KB AR AR RS TR Yok KB F A E RN HKE LR M TRE, % (6019)
BB SE A R 5 2k A AIIE +eeeeeererermsmnemnertetee e e e s R, A, FAE, % (6027)
ENCEEFE R T TS ECT VLT T T2 R BEK, X, 5 3R, % (6035)
i 100 S HAK BRI T EJUR FRACHAH R F M oovveeeesseees BRAL K EE W (6044)
SR TL LI O LA S EET E VLI F Y C S B IF WL A, VA MR, % (6052)
CO, B A 343 F R hhi8 T R4 5 A i RACR SR RN R Y o oooe EWHW AW, L AD (6063)
AN B e BR o ALANMALASR IR TR B 6 EAE Ry AT woeeeeeeeen e X HFF, 4 % (6072)
B A 2 A AT TR A S G A K LA M o B BCAG R ceeeeerererererrrereriee e

............................................................................................. ¥ %, FA, % (6082)
BN R ER S IR SO SV ES L O T T RS MAX,FHEERE, % (6091)
S £ HIRA B BRI AT 6 R TG o B oo eveeeneesenesenesennas TRH, KEE, KA, % (6102)
RAT LI BRI REF R Yro—— AT TGP R Ao X FL,E 4,3 SHE, % (6113)
PN G YRR e LR S &N L I TR thrdE M, ¥ #,% (6126)
EAERBMEY E B X IR BT AT AE v vverereeeeerennmnnniiiiieieee ek, A % #,4% (6135)
ZL PR E BB E IR S TE P AE e Mk, REE, KRBT 4 (6146)
RE KRG A I3 BIAN GG AR GARIFRERBI S ZGH e ZER,H L, B #H,%F (6154)
AEG TG A ST LIEBMA ARG H e BRH,HEE, R H,% (6163)
EX TV ZETT ER LETT - F T F 2 ST CE L TR BB B, EMCE,% (6173)
FISPEE S EEE X EWE $ Y SIET CULY SNSRI FIEZ YA AR, % (6183)
PSR NP E R T 5 LR I B4 KBTS, % (6193)
BARREBREEIE S FHELE BB IE e TE, X E %,k E T, % (6201)
I ER G — AL R T BFTFE R G B eeverernreeniini, RIEW,H Z (6208)
N TV E TSR L FY P ET L AV R S NIL-P EE YN -5 RN

....................................................................................... F O YTE KEE L (6218)
H32 J7 7 AR PM, 5 NOy (CO 893 SHAER B T voeeeeerrenmenenneeees BOERE RS, % (6227)
AN R T LR ATERIE ) H T RAT I IIIAE ooeevesennenns BAW, X 1B, KEE, % (6234)
HHREE LG R IR RKPIE IR G v BN, EASE, BRI, &% (6242)
AT E1% DNA 64 T BABER B AIPEIL cveeereeerreeneeiie ettt HER,RHE (6249)
EFit 5%k
KAERDEES R PG H o evverrerrernrn i Bk, EK% (6255)
FIER S E B IEM AR FE R eeverrrrre e M EH,EEH,E/NE, % (6264)
W & b AR RE T AL AR A AR S 8 o B i B v veeereeerneeereennieenns iR4E, F R, IR, (6278)
i R+ i
BT RN AR B L FEARIR A MIZE oo eeeeeeeeerereeerererenereiieaas B, MER.E #,% (6289)
TR E
AR P REBHEREX KL B B ERLZA S HHLE Bk, RIS, 7 W, % (6297)

HAFIEZASH . CN 11-2031/Q # 1981 % m * 16 %300 % zh P % ¥70. 00 * 1510 = 32 % 2010-11



H & 2 R 2010,30(22) :6218—6226
Acta Ecologica Sinica

AEFUTNBEZSIRESCETREEE

0 J% B 47135
— LA P4 2B

I B RERC,REA LG, LB

PR RFAREBE, P RS 030801)

AR e VYA S A/ PR AL B BB N B BT , FE R SR B B AR B R AR B 55 LR #E1T Pb.Cr.CuZn BB T EIME, R
GG UM 4 MESRITRYIY B R KA BERACH RIR WA , UBCAR R S54RI A SR AL X 4 P E R 5 S Bl P38 it
WS, SRFY AMIRESEFRY BRR R RIS, ERIGRXE HIE 10—70m EHEN,4 FESRGREEEME
SRR B s A B ek 3% 4 FhESRISHA B2 BP0, FTRT5 B BRI 7E SOm 35 [ Y , (o e 120 2 AR, Ve (L or
BRAT ; SR 5L BE VAT P BE RN o 2L SR BT B B AR A S R, SR AL BE BETE 40—T0m BRI GRIEXT B35 TR E &R I5 R
EENA B, B R AR ALHRR A B2 =0. 6, T 45/ E B R ZE R IX [H], 100m 4075 R4 5090 0. 139—0. 977 BAH IR A Mk
BB R AR =0. 6, %0 B35 TR E S R 15 RBCR LT, T R 15 P B I (8 7 B PRI 7E 20m YERETA

REW AR s B RITY TSR EG K PAR R s Bt ais

Influences and protective effects of roadside tree-belt on heavy metal pollution of

roadside soils; a case study of major roads in Shanxi

WANG Hui, GUO Jinping* , ZHANG Yunxiang, WEI Hongfen, FENG Luyao
Forestry Academy , Shanxi Agricultural University, Taigu 030801, China

Abstract; Some typical roadside tree-belts were selected for this study in Shanxi Province. Concentration of heavy metals
(Pb.Cr.Cu.Zn) in roadside surface soils along the tree-belts were measured using by ICP-AES. Pollution dispersion
patterns of the four heavy metals were studied by pollution index which was the ratio of heavy metal concentrations in
polluted soils against that in non-polluted background soil. Protective effects of different tree-belt structure types on soil
heavy metals pollution were compared. The results showed: (1) The pollution dispersion patterns of the four heavy metals
(Pb.Cr,Cu.Zn)were unimodal with the major pollution distance ranging from 10 to 70m. The peak values of pollution
index and the peak positions of four heavy metal concentration were different. The peak value of pollution index of the four
heavy metals was 2.297, 1.000, 2.019 and 0. 827. All the peak positions of the pollution values for the four heavy metals
were not at road shoulders with the peak position of Cu at 20m from roads and that of Pb, Cr and Zn at 40m. (2) The
roadside tree-belts had significant protective effects on the four heavy metal pollution. The pollution dispersion pattern of the
four heavy metals had significant changes due to the influence of roadside tree-belt. T test showed significant difference
(P <0.001) in heavy metal concentration between roadside soils with tree-belts and without tree-belts ( Pb,Cr,Cu.Zn).
The pollution distance was limited mainly within 50m from the road. The concentration and pollution index of Pb, Cr and
Cu was reduced with the peak value positions of Cr and Zn being shifted beforehand. The peak value positions of Cr and Zn

were at 20m, with peak values of pollution index being 0. 580 and 0. 599, and peak values of concentration being
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93. 945mg/kg and 108. 549mg/kg. The peak value position of Cu was at 20m with the peak value of pollution index being
0.605 and the peak value of concentration being 54. 511mg/kg. The peak value position of Pb was at 40m with the peak
value of pollution index being 1. 046 and the peak value of concentration being 46. 940mg/kg. (3) Tree-belt width,
shelterbelt porosity and species composition showed significant influence on heavy metal pollution protective effects of
roadside tree-belts. The optimum tree-belt width was between 40 and 70m to effectively prevent the heavy metal pollution.
Roadside tree-belts of mono-species with canopy density = 0. 6 could limit the main pollution ranges and reduce the
pollution index of the 100m position to 0. 139 —0.977. Mixed tree-belt with canopy density =0. 6 could be more effective
to reduce roadside soil heavy metal pollution, limiting the peak value of pollution index within 20m. Moveover, the tree-belt
with the mean height of main tree species =10m, could also prevent atmospheric fine particles spread, especially for Cu

which often adheres to larger particles.

Key Words: roadside tree-belt; heavy metal pollution; pollution index ; dispersion pattern; protective effects
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Table 1 Roadside tree-belt structure types and classification

LRALHF FHIE Belt character

AR FAURTY _
Structure type Type symbol M FE PNz 3zil s AR ER R,
Width Canopy density Species composition

FARIFIMIG I B AR Y I <40m 0.10—0.50 B Rh
BT G 2 AR Y I >0.50—1.00
B AR B S 2 m =40m 0.10—0.50
BRI e % BE AT Y v >0.50—1.00

AN A A\ 0.10—0.50 Par

ZHFh R R VI >0.50—1.00

ARG 55 BE A2 47 B Narrow tree-belt with low density and mono-species ; B4 i 5 %5 B 25 47 B Narrow tree-belt with high density and mono-
species; BB FIMILE EE S5 B Wide tree-belt with low density and mono-species; FAA% i} 5 %% i 5 4 B! Wide tree-belt with high density and mono-
species; PP E R Tree-belt with low density and multi-species; 253477535 & & Tree-belt with high density and multi-species;

Wb LR MRS 0 S SlUbK S5 IR SR AR R 40 S SRR R R, SRR By TR A B R, S8 T S0m B A L, B LR
SR P B B AR 5

TERR AL BIA SR Al R B BN , T B T IE BB L 3 AR AR B AN /N T 20m, R4 I BE 100m , A7
FEBEARYR AL FERERAE , AL T AR /N T 400m” , [5] B (RIE R i A4 2 1) 2 B A B AR B A T 30
P, 25 LT i Bl B RN SR A HROL L3R 20 XREAE N AR A T AR TH R B R TR R B P 28 2, %
PRES LG BT SR o 2 B, SR A v X A 2 LA r ik I RV AR A B o

R2 HARBRERMKUHEERRE

Table 2 Basic characteristics of typical roadside and tree-belt
LRALHPFRE Belt Character

e AEEE ER T R PAR/m O REER sk
section Road type Road direction Width Cano.py Mefm height ?f Speci.e.s Structure
density dominant species  composition type
FH iy A2 e ik =32 B 30 0.30 14.60 82 ke + 4 I
FH i G108 [ESpic madt 20 0.34 17.82 9 ¥ 1 4 — ik I
REXEBHEH =32 B 30 0.34 10.55 104 I
1LBH G208 [ESpic Mt 15 0.45 11.33 104 I
TEHT A Bl i 30 0.76 13.59 10 4% + Mk — B4 Il
it KK [ESpic madt 20 0.61 11.47 10 ¥ Il
FH 4% G207 Epis &k 25 0.78 5.09 10 Il
FH 5 S214 BiE it 30 0.94 7.73 10 # i
fRE $213 BiE it 30 0.76 13.01 10 41 i
HFE G209 Epis &k 20 0.56 9.84 8 % 2 M + WA Il
1LBH G208 [ESpic Mt 10 0.89 5.05 10 41 i
Y% G108 Epis &k 50 0.46 17.32 8 %2 Bl il
BB =324 it 100 0.16 6.20 10 ¥ il
NGB N3 =37 i 100 0.13 6.93 10 4% il
P $309 Kl i 50 0.97 17.30 10 4 + 84 v
AR R =323 2B 100 0.86 8.54 10 4% + 4 v
TR KIB B =30 i) 40 0.87 8.73 10 #% v
B G207 [ESpic Mk 10 0.50 16.91 THL3 % v
MM AR e [ b 50 0.31 5.12 6 1 3 M 1 Ml v
PIIRIE B Bl Bt 10 0.35 13.44 581441 v
FH R R R A HiE R 20 0.26 9.91 6 1% 2 2 i v
B s227 Bl Mk 20 0.89 16.37 7% 3 M VI
3% G108 Epis &k 50 0.56 7.47 8 1% 2 M + B VI
FH SR A ek =323 Ei] 20 0.86 8.49 7HE2 KHE 1T VI
W G208 Epis &k 40 0.86 13.13 S5HI44m1 8 VI
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1.3 TIERERRRE S

TER—FEHT N B T R R B A 8 138 o BURE A, 182 0.10,20.,30,40,50,75 ,100m 3£ 8 MREEE, 7
AR b HFFIFRIBERCE S ANHEAR 1 mx 1 m B/METT, ZE8/IVEJ5 IO R A 2058 5 b A LB IURE
5 A, BURETRBE 0—20cm K MAREE 5 MRS B 25 D TSR AMR A 357 U BUR IR AR M 1 kg, 2RA
SRR, R BOFIAE B A5 HE A, ISR 2

TEFR B IE S 300m ZHb, Vel #3056 + 38 S8 RUAR [ A s e it B - 4% FR{ECR AR . AR AR
20 m x 20 m, A 30 AR AR, TR AR EURE  BRREIR BE 0—200m , 44 30 MHE AL FE AR &, 36 43
BETBUR RN | kg, B ABHE R BEBUR S IS E
1.4 TEESRESENE

WA = RS B RRT TR J5 13 1 mm 0 s B Sg, BB Ja it 100 A& ™, %
v B B S5 B TR BR T s DU SE A A Y Pb (Cr \Cu I Zn &8,
1.5 TIEELREGRENIREE

FHBRA F BB TR E SR T REZ R X EIR B , 5 SRR S, IR E SR S '
EERTHREM LRI RAIEESE TR REE I H U & RRBRTE X R L EE SR & BEE RER
BAREETTE IEE S RIS, 5 R EEER, R Z LR RERE G R E, HEARWT:

Ci - Co

PL="¢

X, PLER TRESRITHIEEG CRR BB H A M HIRE SR OuR & B SSE; R B £+
RESBRITR SR RE.
2 ZRHH
2.1 T Bk Bk 5 IR E S RIS KPR —o—Cr —e—Cu

—&—Pb

X TR AL B 25 M N S L E AR AR5 e
TR BB BT RO B E AR , ] KA R4
(B1), Rt— & TR aFfits R, kA LSD Bt
FKTIHELELBRSENERITZE LK, ERL
%3,

SEAE 1 RN 3 WA, FE R B, B o 3 i
Pb.Cr.Cu Fl Zn 5 YL 7E BE 2 B JH (1) 100m 385 18] Py H B 05 % m m m o
B, BV EATERELAL 4 L BEES BT EMG S B Distance/m
FEBONNEE B M K L B IRE T TR, RHES Bl R R LS SRR T
AP oAt )R o ARERBEITR WA, HEF g 1 Dispersion pattern of heavy metal pollution in roadside
Cu 1 Pb B BE LY Cr 1 Zn MIEMEEER o Cu FJUEME  soil without roadside tree-belt
HBAEFE A 20m Ab, W (B 15 448 50 2. 019, I fH & &

102. 310mg/kg; Cr.Zn F1 Pb BB HERTE 40m Ab H PR, W (B AL V5 4L+ 502 7)o 1. 000.,0. 827 F12.297 I (H S &
A3k 119. 870.,124. 086 .75. 206mg/ kg
2.2 [HAE KBS HIRE SR I5 YK AR

Xt SR I BETA 75 MR NS IR B L 4 FhE &R 15 Y38 B B M fdn o 22,
FHE ST, B RTIR TR I B 4 R E & RIS RIS EOK A8 R — BT B, HK 4 F1E &8 K& R it
F(E2), MERUHEBRBEMESUFHRENEKZ L EIFHELBESEITEREEN TRE, 2515,
P& Z K 4 FESESEAE P <0.001 KV LERREE, I#E LA RTHE4HESBTR
HI7KE45 J5 , R LSD R b 5K PR E L LR EL R S BN EREHIT S EHE SR NE 4,

5 445% Pollution index
"
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Table 3 Heavy metal concentration in roadside soil without roadside tree-belt

BB/ m

Distance

Pb/(mg/kg)

Cr/(mg/kg)

Cw/ (mg/kg)

Zn/ (mg/kg)

0
10
20
30
40
50
75

100
300

64.114 +5.425a
66.915 +5.848ab
68.848 +6.187be
73.138 £9.371cdf
75.206 £7.707d
74.796 +8.461cd
70.994 +7.457ce
69.403 +7. 146bef
22.948 +16.779g

113.316 +21.044abc
109.426 +16.302acd
117.767 +18.025ab
115.526 +19. 866abc
119. 870 +21.020b
114.272 +17.315abc
107.407 +14.323cd
102.104 +12.127d
60.342 +5.680e

85.826 +8.007ae
93.852 +9.779b
102.310 +14.791¢
91.646 +10. 881bd
93.734 +8.040b
86.809 +8.624ad
82.610 £7.142ae
81.046 +£7.474e
33.916 +1.977f

100.966 +17.435ad
100.998 +15.056ad
104.558 +15.890ab
110.410 +18.691ab
124.086 £22.001c

111.759 +17. 888ac
106.499 +15.926ab
101. 624 +13.072bd

68.025 +3.139%¢

T B N B £ AR ERS B E /NE R B K E R 0. 05, abed 267 F]— BB 25 Bk, A RAR R SRR B E 2 R A S

F RZEFBE

Pbi5 e384 Pollution index

3.0

25

2.0

Cuis Ye#5%k Pollution index

—— JobkHT B

Cri5 Yu35 %k Pollution index

&2
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Fig. 2 Dispersion patterns of heavy metal contents in the roadside soils with and without roadside tree

Table 4 The concentration of heavy metals in the roadside soil with roadside tree-belt

®4 ARATHRBERESTIRESESE

Efa: ;‘; Pb/ (mg/kg) C1/ (mg/kg) Cu/ (mg/kg) Zn/ (mg/kg)
0 46.093 +16.020a 79.070 = 10. 820ac 52.303 =15.798ab 99.436 24.893ac
10 45.281 +15.433a 88.429 +15.125b 53.988 +9.108a 102. 500 +20. 966ab
20 46.475 +17.388a 93.945 £19.337b 54.511 £9.057a 108. 549 +17. 300b
30 46.656 +16. 465a 92.659 15.567b 50.458 +10.278ab 107. 175 16.735ab
40 46.940 +15.853a 89.500 = 16. 149b 50. 124 9. 530ab 98.928 +11.721ac
50 46.771 +15.425a 86.580 +15.795ab 48.067 +8.632bd 93.337 £10.092cd
75 43.331 £12.307a 79.302 +12. 121ac 44.532 +8.140¢ 89.129 +9.134d
100 41.233 +11.946a 77.865 £ 11.876c 43.502 +8.031cd 86.018 +8.652d
300 22.948 +16.779b 60.342 +5.680d 33.916 +1.977¢ 68.025 +3.139¢

B R PR TR £ bR BOR)E /NS PR BF KR 0. 05, abed R Al —FIBR 2 5k, 5 FRAHF R R W EZRA L

FRZERBE
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G E 2 Figk 4 AT, AL X 55 145 Pb Cr Cu 1 Zn 4 FhEE & )& V5 Y #0 A BB MBI 5300 , RILE
SRS B L, B ST BB 55 115 4 FPE &R 15 P /K A% R AH X 4 H #E 50m Ja Bl 4, Pb Cr Cu 3
PR AR L MESE & BT e 5 B E TR, Pb MIGE X BRI, Cr . Zn FWEAE BERAT 4 FhE S
RIS R R o3 Ak SR E AR B B . 2T, B 55 1IRE &R Cr Al Zn WEfH H 1 20 m Ak, WE(ET5 4448
BRI 0.580 F10.599, I {H 4 & 93. 945mg/kg F1 108. 549mg/kg; Cu W {H H BLAE 20m b, WEAE 15 YL 48 51
0. 605 , W& fH 2 & 54.511mg/kg; Pb IE{EHTE 40m &b , WEAE 15 Je38 % 1. 046, 16 (H 5 & 46. 940mg/ kg,

2.3 KNSRI GRAH X 52 + T 48 15 Y B P RN 19 B 3e 4t

X} 4 PEE AR V5 Y W AEA [RIREAE B E 1 T B34 , LA [R5 A IS B S Aty oy ML 7R fE B P 5% + 3T 4
B g S &, I LTS B BEXT L, #HT A R G A S R S fh A 1] (9 22 e S 3 LU, 9 ELgk— 25 43 T AN IR 45
MRS T IR E 4B W E & B W METS P de BB AL B LA K 100m b & BTG Y485, 25 R R 5,

x5 TRASHEBZGUTHLIESSRITRE/OMEILE
Table 5 Effects of roadside tree-belts with different structures on soil heavy metal pollution

$54% Indicators v Jidti I Il 111 v v VI
Pb BB/ (mg/ke) 70. 427 45.8** 36.953**  53.74** 62.905 41,983 ** 43.488 **
W48/ (mg/kg) 75.206 49.885 38.663 60. 490 70.973 44,713 50.585
W 75 Jude Bk PI 2.297 1.247 0.673 1.765 1.955 0.967 1.150
WAE A B/ m 40 50 50 50 20 40 0
100m 4b-2 &/ (mg/kg) 69. 403 45.360 34. 861 52.763 47.743 39.680 36.280
100m 4k V533841 PI 2.043 1.037 0.509 1.402 0.977 0.762 0.543
Cr  EEWE/ (mg/ke) 112.461 84.034**  76.589**  100.597 ** 87.323**  90.968 ** 81.927 **
Wefti A it/ (mg/kg) 119.870 94.858 82.407 126.183 101.300  100.075 91.875
W 75 Jude Bk PI 1.000 0.594 0.369 1.284 0. 580 0.780 0.453
WAE A B/ m 40 30 30 20 30 50 20
100m b 275/ (mg/kg) 102. 100 74.023 70. 106 89.537 77.233 85.380 73.740
100m 4k V533841 PI 0.707 0.240 0.165 0.615 0.211 0.510 0.164
Cu S EWIHE/ (mg/ke) 89.729 50.428**  42.659**  51.328** 53.757**  49.533** 57.171**
Wefti A it/ (mg/kg) 102.310 57.148 45.991 61.790 62.247 58.128 70.043
WAl Y5 YL P850 PI 2.019 0.737 0.387 0. 867 0.760 0. 666 1.009
WAE A B/ m 20 20 10 20 20 10 0
100m 4k 8/ (mg/kg) 81.046 47.630 37.666 44.953 44.627 42.343 49. 068
100m 4k V533841 PI 1.395 0.448 0.139 0.343 0.262 0.213 0. 401
n  HEHMHE/ (mg/ke) 107.613 100.189 «  90.773**  106.010 109. 483 98.293 94.384*
Wefti A it/ (mg/kg) 124. 086 112. 665 97.297 122.127 135.900  111.510 115.303
WAl Y5 YL P850 PI 0.827 0.701 0. 445 0.759 0.984 0.638 0.682
WAE A B/ m 40 30 30 30 0 20 20
100m 4k 8/ (mg/kg) 101.624 91.275 83.106 90. 647 89.877 85.123 80.390
100m 4k V533841 PI 0.499 0.378 0.237 0.307 0.316 0.244 0.171

[ —A7 & EBHEIEAT LR ; + 7E 0.05 K OR) @B EHIE(0.05 <P <0.01); * +7E 0.01 KF (M) L BFMHAE(P<0.01); Lk
## Road without tree-belt ; £ f 31 Concentration mean value IfE % & ; Peak value of concentration ; I4fE 5 4¢+5%% Peak value of pollution index ; I&{E
{7 Peak value position; 100m 435354} Pollution index of 100m

B3 5 /I, ARG H2EBIN RGN , S BB IS Y B Ve R B BN W] BRI (R4 B 28 4 B bRy
Xf Pb.Cr I Cu 5 LB 130 b 5 Tt b At 22 AR B 3%, Cr Zn I35 YL U E (7 B 32 AT % 30m 4b 4 HELE
WEAE AL Y5 JeFE %0 0. 594—1.247, % 100m bRy 0. 240—1. 037 ; B b iy 2 5 245 BUMHT X 4 FPEE &)@ V5
HIBH 300 5 To Ak 22 Rk .3, Cr Cu 1 Zn WE(E AL B 1R AT E 10—30m &b, 4 FhE £ )8 0 E AL 5 JL 485K
0.369—0. 673, F 100m ALbREH 0. 139—0. 509 ; B AR BE SEA UM XS Pb Cr F1 Cu 5 YL B 4P 2800 5 6
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SRR B, CrZn BE(E A7 B AT E 20—30m 4b,4 FhE &8 E AT Y4540 0. 867—1. 765, &
100m ZbRE g 0. 307—1. 402 ; B s 2% B 5 iy BUARHY XF Cr 1 Cu V5§ B P38 B 5 Rk 2 FRk B,
f# Pb Cr F Zn 5§ M UEAE (7 B 1R 7T 2 30m L[l N 4 FhE £ R A5 443541 0. 580—1. 955, & 100m ihfE
7 0. 211—0. 977 ; ZAFh MRS X T 4 JB 15 4 B B30 B R IR RB A 46 /N5 YL B, R DA % A
M BER B 8 4 FhE 48 15 Je (A4 7R BE JE B% 20m (975 P9, X Pb. Cr F1 Cu ¥5 YL Bl #2000 5 o4k 1k
WER B 4 FELSBEETE LT85 0.453—1. 150, F 100m Lb[%&H 0. 164—0. 543 ,

3 itig

(1) 3k BB FEACE W& E AR PRATIRES 7 L IRESBIT Y, BA KT pm MR ST T A B
Bl 10 m DApy KA 1—9 pm 22 [A] (550 7E 25 Hh A BE B 980, B4R < L pum ) JBORLIUES BE B B0 , R B UIRETE
50 m PASh,10—50 m 2 [8] 9 2 FiohiAR R BUR M TR I X3R4 BRIt , To bl B B i B 35 - T 4 TR TS e
W {5 HH BLE B AN — B BE B AL . AR EE £2)8 U2 R H B AL M R AR [ T 2 9L R R A R A
7 9 4B L R R M E R R B e B AR R 4 R R 0, B S S iR I E S RIS Y, Cu
FEMF LRI MR L, ¥ BEE B3I, T Pb Cr F1 Zn Z Mt 78/ MR BRI L, 35 B3,
31 R ST

(2) 2 BB Akt T A RS UT b TG JXGEE , DA T 56 3 1 8 8 1 o 2 R J0RE) 7E 30 BE B8 N LR, SR AL 38 K 1Y
Y RS B, S R BB R R A B S AR /N T B AR IS TSR . ARSI A
FEW T BB SRR R, X HIRE SR o R A WIER, IR EP ELVBNE SR, BRI g
(22 AT, A BRER AL 35 T 4 T 5 YL B B AR R A 4R /NS YL T B R R IR TS e AR B T O TR A
YER

(3) RRGHWET AT BB ISYRNPERARSY . AP, LB R Fh TEH R 5
A BLRALT V(AL 5 100m AbV5 G35 8P IE , B2 RIS S MBI 3 B3 . L, bR 55 R R B
SR YBIABM I FERRZ — WAL B 5 T 48 15 YL Bt 25 IAR G , SRR s 2 B B A fhly
5% BRI I 4 PR E 2R 15 Y EAL 5 100m Aby5 JeFs 5 i g 22 B , AR b1 BE K A MR AT A8 AR AR E
SRIBYEERE . FR RTINS RN HRE SR BYERE " U S B RRH BE
4 MESBEIS Y EESE S 20m FTEE N, AR5, SRR IR B R B SR A R B R =
10m, 11 BB 2K BR i & 28 100K il 3 A0 B, TR M B AR RORLY) - Cu JTER 15 4 B 4P 80 B
B, FRBA B B B PR, A R B

AT A B o 1 25 B S R G AT BT R B A B B BB S B TR K TR B R (KK 1 M Ak B A
KB R BEHRE) , B0 3R E & R T5 P8 50w ; T P s 2% B A i B b r B B B O R T A 18, %
TEARXT /N, B4R TS et e B B , X 7T BE RS MR B0 22 [ B PP Ons 22 S B A M , e PR B o sy 25
FEAT TSR XS P Cu il Zn 5 Y% ) B BR800 A8 38, T AR ol sy 25 B A5 7 A AL A7 (0 Bl 4P 35 DL 388 o
4 g

(1) Toat b i B )55 +- 4% Pb .Cr.Cu il Zn B4 JB5 Y EEE P 7E 10—T70m JEFE N, 7E 100m 75 Bl
BEHIERIK PR R 4 FEL B IS 5 5 50& [ 250k 2.297.,1.000.2. 019 F1 0. 827 , W& fH {3/
B Cu 3 20m, HHL5=%"H40 m,

(2) A B AT B 55 138 Pb Cr.Cu I Zn BB ISYLA BE PR , 8 B E U1 YY) K F-4r Fi
¥ )R, 5T B L, 15 Y8 B (R4 Ik, Pb Cr AT Cu #E 4586 B b A& B A5 Y38 B0 8 35 T /&, Cr A0
Zn WA A B AT

(3) A T8 B AR BE AR A 4 BX Aty B 4 TR V5 e Bl P RN A B S I, SR Ab T BE B NS 2D
F 40m,70m FEH LA BT i AR H B LB IS PR . B S Abty , UM E BRI EER/NF 0. 6, 7T B
EHEJR FEI5 Y XA, 100m Zb75 Y5500 N 0. 139—0. 977, IRIHRHF B JG AB I BE =0. 6, L B 4l R iy
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FA I 4P 2800 B 4, %o PR ) B R ¥ v R SRR R, (o 4 B R V5 e W) A (B b A BEE B 20m ST .
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